When only small samples are available, the characteristic value is usually determined with the assumption that the distribution is known. If we review the European standards At the end the use of proposed tables is presented on the data of experimentally obtained bending strengths of finger jointed elements.
we can use the fixed values without employing any probabilistic methods. However, when only relatively small sample is available, the characteristic value is only estimated from that sample. The estimate is based on the assumption that the distribution of the variable is known and that its parameters are approximated from a sample. If we review the European standards (e.g. [3] , [4] ) different distributions are usually prescribed for the determination of the resistance of different materials and for the determination of the resistance of structures: normal, lognormal, Gumbel, Weibull, etc. For most cases formulae for the 75% confidence interval for the estimates of 5% characteristic values based on normal and occasionally lognormal distribution are prescribed.
In Fig. 1 it is shown that the true characteristic value is deterministic but unknown. In the case the investigated variable is normally distributed, the estimate of the characteristic value is a random variable distributed according to the non-central t distribution. Its variance depends on the sample size. Smaller samples yield to larger variance of the characteristic value which is clearly illustrated. Because of some additional approximations made for arbitrary distribution some discrepancies are established for analytically obtained values; improved values are obtained by large number of simulations using bisection method.
Basic assumptions and definitions
Let X be a random variable with known cumulative distribution function (CDF) ) (x F X .
The characteristic value of X is such value α x , that the probability of X being less than
It is obvious from (1) 
The characteristic values and, consequently, their estimates are strongly dependent on distribution. Therefore, we need to discuss different distributions separately. Our approach is demonstrated in detail for the normal distribution and preformed also for the lognormal, Gumbel, and Weibull distribution.
Normally distributed variables
The basic idea on the characteristic value determination for normally distributed variables stems from the relationship between an arbitrary normal variable X and
where U F is the CDF of standardized normal distribution, hence independent of parameters X m and X σ . Therefore, the characteristic value can be expressed as:
The simple and understandable form of expression (4) 
Note that we replaced ( )
with parameter λ which is the only free parameter in (5) and needs to be determined with respect to the previously prescribed confidence interval λ α . Details concerning the determination of λ can be found in [6] and [7] .
As an example the results for 
Lognormally distributed variables
As it has already been explained, the estimates of the characteristic values are dependent on distribution. Thus we must handle each particular distribution separately. In this section we develop the procedure for characteristic value determination for lognormally distributed variable. The basic idea of the present approach is to employ the results of the normal distribution by using its relationship to the lognormal distribution.
Lognormal random variable Y is related to normal variable X through the exponential map:
It can easily be shown that the value of λ used for normal distribution can be utilized for lognormal distribution as well. However, the characteristic value is estimated by the following equation
where Y and * Y S are the mean value and the standard deviation of the sample and λ is the same parameter as in the previous section, i.e. the parameter from Tab. 1.
Variables of other known distributions
The idea for the lognormally distributed variable may in theory be extended to an arbitrary variable with known distribution. However, since the transformation from an arbitrary distribution to standardized normal always involves unknown parameters of the distribution, the results are not very accurate (see [6] for details). Therefore, it is impossible to use the same values λ and modified formula for characteristic value determination.
Alternatively, we use the definition of characteristic value estimate (5) to determine the value of λ for different distributions, different sample sizes and for some distributions different coefficients of variation via numerical simulations.
A huge number of repetitions of the sample selections can easily be simulated by computer using a random number generator. In computer simulations we can prescribe the values of mean and standard deviations in contrast to practical sampling where these parameters are usually unknown.
The simulations were performed by the following algorithm:
The estimation of probability [ ] Loop over simulations.
Loop over elements of the sample.
Random variate generation according to the chosen distribution (see [2] for details).
End loop.
Calculation of sample statistics X and 
The results of these simulations for Gumbel distribution are summarized in Tab. 2. In the case of Gumbel distributions the parameter G λ is independent of coefficient of variation which is an advantage compared to Weibull distribution. The values of parameter λ for different distributions and different sample sizes are illustrated in Fig. 2 .
We may observe several things:
The highest values of λ are needed in the case of Gumbel distribution.
(ii) The value of λ depends on coefficient of variation in the case of Weibull distribution. Interestingly, higher values of λ correspond to lower variance.
(iii) The values of λ changes quite rapidly for smaller samples between 3 = n and 20 = n . For larger sample sizes this value doesn't change much. Specimens were tested according to EN 408 (Section13 Determination of bending strength). Test pieces were symmetrically loaded at two points at the distance of l/3 (820 mm) and were laterally restrained as shown in the Fig.3 . Load was applied with the prescribed speed (maximum load was reached within ca 300 s). The experimental data and several fitted models according to different statistical distributions are shown in Fig. 5 . The line for 5% probability is also shown, so that one can get an approximate estimate of 5% percentile, i.e. characteristic value, directly from the figure. The parameters of all distributions were obtained by the method of moments (see [1] or [5] ). All parameters are summarized in the Tab. 5, where the parameters are defined as in Benjamin and Cornell reference book on statistics for civil engineers [1] .
We may see that in the lower tail which is of our interest, the two distributions that corresponds the data best are Gumbel and Weibull. Lognormal distribution is the least suitable for our data. Alternatively, characteristic value was determined from equation (5) for normal, Gumbel and Weibull and equation (7) for lognormal distribution. The results vary considerably as can be observed from Tab. 5. The result obtained based on the assumption of lognormal distribution is considerably higher than other values (about 15% higher than value according to the code [4] ). On the other hand the value obtained for Gumbel (min) distribution gives a characteristic value that is 25% lower than the value according to the standard [4] .
Determination of the characteristic values from small samples was analyzed for several different distributions. The main points of the present approach are as follows:
(i) For normal distribution exact analytical formulation of the problem can be found.
Analytical derivation results in a one-dimensional non-linear formula for determination of parameters.
(ii) These parameters are used directly with the estimates of mean and standard deviation from the sample to evaluate the estimate of the characteristic value with previously prescribed confidence interval. Analytical results are confirmed by simulations.
(iii) Lognormal distribution is directly connected to normal distribution through the exponential map. This relationship allows us to extend the formal algorithm from the normal to lognormal distribution.
(iv) For other distributions relation to normal distribution is more complicated. The parameters λ used in equation (5) have to be determined via numerical simulations. The result is a number of useful tables which can be very easily used for the estimation of characteristic value if relatively small samples are available.
(v) An example for characteristic value determination in the case of strength of timber beams is used to illustrate possible differences when different assumptions about the statistical distributions are taken.
(vi) Lognormal distribution has a general shape which corresponds to the distributions of maximum values since its coefficient of asymmetry is always positive (it depends on coefficient of variation), whereas the coefficient of asymmetry is negative for all distributions of minimum values. As a result it is expected that the lognormal distribution would be a bad approximation for the strength of material where the distribution of minimum value (the weakest point) is sought. This is clearly true for the data analysed in this paper.
